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Colonization of leaf litter by ligninolytic fungi and relationships between 2 
mass loss and chemical qualities of surface leaf litter were examined in 3 
Acacia mangium plantations and adjacent secondary forests in southern 4 
Sumatra Island, Indonesia. Leaves were collected from eight A. mangium 5 
plantations of different ages and three secondary forests. Partly decomposed 6 
leaves beneath the surface leaf litter were used to measure the bleached area 7 
which indicated colonization by ligninolytic fungi. Surface leaf litter was 8 
used to measure initial chemical content and subjected to the pure culture 9 
decomposition test. Bleached area was greater in secondary forests than in A. 10 
mangium plantations. Nitrogen content was higher in all the A. mangium 11 
plantations than in the secondary forests, and acid unhydrolyzable residue 12 
(AUR) content was generally higher in the A. mangium plantations than in 13 
the secondary forests. Bleached area of leaf litter was negatively correlated 14 
with nitrogen content of surface leaf litter at all sites, indicating an 15 
inhibition of the colonization by ligninolytic fungi of leaves with higher 16 
nitrogen content. In pure culture decomposition test inoculating a 17 
ligninolytic fungus to surface leaf litter, mass loss of leaves was negatively 18 
correlated with AUR content of surface leaf litter. Mass loss of leaves and 19 
AUR was not significantly related to nitrogen content. These results 20 
 4 
suggested that higher nitrogen content in A. mangium leaf litter had a 1 
negative effect by colonization of ligninolytic fungi, but the effect of high N in 2 
A. mangium leaf litter on the decomposition of leaf litter and AUR remained 3 
unsolved. 4 
 5 
Key words 6 





Acacia mangium is a legume tree that is symbiotic with rhizobia and has an 3 
ability to fix atmospheric nitrogen (N). Because of its rapid growth and high 4 
quality timber production, A. mangium has commonly been planted in 5 
tropical regions. Acacia mangium produces N-rich leaves (Tilki and Fisher 6 
1998, Akinnifesi et al. 2002) leading to changes in soil N dynamics in 7 
plantations. For example, Yamashita et al. (2008) reported that soil acidity 8 
was higher in A. mangium plantations compared with grasslands, in relation 9 
to the base cation loss from the soil profile associated with high leaching of 10 
nitrate anions (Binkley and Giardina 1997). Arai et al. (2008) and Konda et 11 
al. (2008, 2010) reported that N2O emission from forest soil was greater in an 12 
A. mangium plantation than in secondary, intact, or selectively cut forests. 13 
 Such changes in soil N status in A. mangium plantations can 14 
influence the colonization and decomposition of leaf litter by 15 
litter-decomposing fungi that play central role in decomposition process in 16 
soils. Previous studies have demonstrated that excess N supply can reduce 17 
the abundance and activity of fungi associated with the decomposition of 18 
recalcitrant compounds such as acid unhydrolyzable residue (AUR) (Reid 19 
1991, Osono 2007). Thus, it is hypothesized that the colonization and 20 
 6 
decomposition of A. mangium leaf litter by ligninolytic fungi are suppressed 1 
as a result of high N content. Although the negative or positive relationship 2 
between N deposition and decomposition rate of leaf litter has been 3 
suggested in other tree species, climate zones, and laboratory experiments 4 
(Fog 1988, Berg and Matzner 1997, Knorr et al. 2005, Hobbie 2008), a few 5 
studies have examined the decomposition process of leaf litter in A. mangium 6 
plantations (Xiong et al. 2008, Kunhamu et al. 2009). Moreover, to our 7 
knowledge, no studies have evaluated the effects of high N status of A. 8 
mangium leaf litter on the fungal colonization and AUR decomposition.   9 
 The colonization of leaf litter by ligninolytic fungi results in the 10 
occurrence of bleached portions on the surface (Osono 2007). The content of 11 
recalcitrant compounds is generally lower in a bleached leaf area than in 12 
adjacent non-bleached areas of the same leaf due to the decomposition by 13 
ligninolytic fungi (Osono and Takeda 2001, Koide et al. 2003, 2005). 14 
Therefore, measurement of bleached area on the surface of A. mangium leaf 15 
litter will be useful for evaluating the colonization of leaf litter by ligninolytic 16 
fungi. Comparing the bleached area of leaf litter in A. mangium plantations 17 
with that in adjacent forests of non-N-fixing trees will provide insights into 18 
the possible effects of excess N availability on the colonization of leaf litter by 19 
ligninolytic fungi. 20 
 7 
 The purposes of the present study were to investigate the 1 
colonization and decomposition of A. mangium leaf litter by ligninolytic fungi 2 
and to examine whether higher N content in A. mangium leaf litter that was 3 
compared to leaf litter of non-N fixing tree would have inhibitory effect onto 4 
the appearance of bleached portion on the leaf litter and would also have 5 
inhibitory effect onto the decomposition of the leaf litter by pure culture 6 
decomposition test. Samples were collected from eight A. mangium 7 
plantations of different ages (0 to 17 years old) located in southern Sumatra 8 
Island, Indonesia. Colonization by ligninolytic fungi was evaluated as the 9 
area of bleached portions on the surface of leaf litter collected from the forest 10 
floor. Chemical properties of surface leaf litter were analyzed, and effects of 11 
the properties on fungal decomposition were evaluated with a bioassay 12 
under pure culture conditions, using a ligninolytic fungus Trametes 13 
versicolor as an agent of decomposition. The data from A. mangium 14 
plantations were compared with those from three adjacent forests of 15 
non-N-fixing trees (one regenerating coppice of Schima wallichii and two 16 
mature secondary forests) to examine the possible effect of high N content in 17 




Materials and Methods 1 
 2 
Study site 3 
 4 
Study sites were located in the southern part of Sumatra Island, Indonesia 5 
(3º 52´ S and 103º 58´ E). The mean annual temperature and annual 6 
precipitation of the area in 2004 were 29C and 2520 mm (Yamashita et al. 7 
2008). A total of 11 forest stands were chosen from three regions that were 8 
Sodong, Gemawang, and Merbau, for the present study. The distance 9 
between Sodong and Gemawang was 33 km, Sodong and Merbau was 6 km 10 
and Gemawang and Merbau was 28 km, respectively. The stands included 11 
eight A. mangium plantations of different ages (0-, 3- and 5-year-old stands 12 
in the Sodong region and in the Gemawang region, and 8- and 17-year-old 13 
stand in the Sodong region), and three secondary forests (a secondary 14 
regenerating stand of S. wallichii in the Sodong region, and two mature 15 
secondary forests in Sodong and Merbau regions) (Table 1). The original 16 
vegetation in 0-year-old A. mangium plantations was 7-year-old A. mangium 17 
plantations which were cut one to six months prior to leaf litter collection. 18 
The planting interval of A. mangium in 3 and 5-years-old plantations was 3 19 
m by 3 m (1089 individuals/ha), and was 2 m by 4 m (1250 individuals/ha) in 20 
 9 
8-years-old plantation. The mean DBH in 3-years-old A. mangium 1 
plantations was 12.1 - 13.5 cm, that in 5-years-old plantations was 13.7 - 2 
16.0 cm, and that in secondary forests was 17.3 - 19.0 cm. No DBH data were 3 
available in 8 and 17-years-old A. mangium plantations and S. wallichii 4 
regeneration. The mean canopy height in 3-years-old plantations was 13.3 - 5 
17.0 m, that in 5-years-old plantations was 18.8 - 20.1 m, that in 8-years-old 6 
plantation was 24 - 25m, and that in secondary forests was 17.5 - 18.9 m. No 7 
height data were available in 17-years-old plantation and S. wallichii 8 
regeneration. A. mangium is fast growing pioneer species, and the canopy 9 
was already closed even in 3-years-old plantation. Tree families in the 10 
secondary forests included Moraceae, Fabaceae, Myrtaceae, Proteaceae, 11 
Dipterocarpaceae, and Lecythidaceae. Fabaceae, the only family that has N 12 
fixing ability, accounted 7.8% of the total number of stems in the secondary 13 
forests. Thus we regarded the leaf litter in the secondary forests as being 14 
consisted of those derived from non-N fixing trees for the sake of simplicity. 15 
 Samples were collected in September 2007. Ten quadrats (20 cm × 20 16 
cm) were set on the forest floor along a 9-m line transect at 1-m intervals 17 
inside of each site, which was about 1 to 1.5 ha in size. Surface leaf litter 18 
accumulated on the surface of the forest floor was collected within the 19 
quadrats and used for chemical analysis and pure culture decomposition 20 
 10 
tests. Partly decomposed leaves that decomposition had been undergone but 1 
more than half of the original leaf area had been remained were collected 2 
beneath surface leaf litter and used for leaf area measurement. Numbers of 3 
partly decomposed leaves that we collected ranged 20 to 97 pieces in each 4 
quadrat and were summed up to 389 to 548 pieces in each site. The collected 5 
leaves only included those of the respective species in the A. mangium 6 
plantations and the S. wallichii regeneration because they were pure stands, 7 
but we did not distinguish individual tree species in the mature secondary 8 
forests. Partly decomposed leaves were not collected at two 0-year-old A. 9 
mangium plantations because no bleached leaves were seen there. 10 
 11 
Chemical analyses 12 
 13 
Surface leaf litter from 10 quadrats was combined to make one sample for 14 
each forest stand and oven-dried at 40C for 1 week. Surface leaf litter were 15 
then ground in a laboratory mill to pass through a 0.5-mm screen and used 16 
for chemical analysis. The AUR content in the samples was estimated by 17 
gravimetry, according to a standardized method using hot sulfuric acid 18 
digestion (King and Heath 1967). Samples were extracted with 19 
alcohol-benzene at room temperature (15-20C), and the residue was treated 20 
 11 
with 72 % (v/v) sulfuric acid for 2 h at room temperature with occasional 1 
stirring. The mixture was diluted with distilled water to furnish a 2.5 % 2 
sulfuric acid solution and autoclaved at 120C for 60 min. After cooling, the 3 
residue was filtered and washed with water through a porous crucible (G4), 4 
dried at 105C, and weighed as acid-insoluble residue. Total N content was 5 
measured by automatic gas chromatography (Sumigraph NC-900 NC 6 
analyzer; Sumitomo Chemical, Osaka, Japan). The methods are described in 7 
detail elsewhere (Osono and Takeda 2005). Throughout this paper we use 8 
AUR to refer to the final residual fraction remaining after proximate 9 
analysis. AUR fraction contains a mixture of organic compounds in various 10 
proportions, including condensed tannins, phenolic compounds, carboxylic 11 
compounds, alkyl compounds such as cutins, and true lignin (Preston et al. 12 
1997). 13 
 14 
Leaf area measurement 15 
 16 
Partly decomposed leaves were pressed between broad papers and 17 
oven-dried at 40C for 1 week, then photocopied and scanned with a scanner 18 
(EPSON GT-8000). The area of bleached portions, where the color of leaf 19 
litter was defined clearly paler than the surrounding leaf area by the 20 
 12 
software, and total leaf area were measured by image analysis performed on 1 
a Windows computer using Scion image software (version 4.0.3, windows 2 
version of NIH image, Scion Corporation). For each sample that was 3 
collected from a quadrat, the bleached area was defined as a proportion of 4 
total leaf area and expressed as a percentage to the total leaf area. The mean 5 
value of bleached area was calculated for each forest stand. 6 
 7 
Pure culture decomposition test 8 
 9 
Surface leaf litter were cut into pieces 1 cm in width and preserved in a PVC 10 
bag until the experiment started. The leaves (300 mg) were sterilized by 11 
exposure to ethylene oxide gas at 60C for 6 h. The sterilized litter was 12 
placed on the surface of petri dishes (9 cm in diameter) containing 20 ml of 13 
2 % agar. Trametes versicolor is a white rot fungus of wood possessing an 14 
ability to decompose recalcitrant compounds such as AUR. The strain 15 
IFO30340 used in the present study was the one that was registered in 16 
Institute of Fermentation, Osaka (IFO), Osaka, Japan and had been used as 17 
a standard one for the decomposition test of timber under Japanese 18 
Industrial Standards (JIS). Moreover, the strain had been repeatedly used in 19 
bioassays of leaf litter decomposition (Osono et al. 2003, Osono and Takeda. 20 
 13 
2006, Osono 2010). Thus, we used this strain in the pure culture 1 
decomposition test in the present study. The inoculum was cut from the 2 
margin of the previously inoculated Petri dishes on 2 % malt-extracted agar 3 
(malt extract 2 % and agar 2 % (w/v)) with a sterile cork borer (6 mm in 4 
diameter) and placed on the agar adjacent to the litter, one plug per plate. 5 
The plates were incubated for 12 weeks at 25 ºC in darkness. The plates 6 
were sealed firmly with laboratory film during incubation so that moisture 7 
did not limit decomposition on the agar. After incubation the leaves were 8 
retrieved, oven-dried at 40C for 1 week, and weighed. The undecomposed 9 
initial litter was also sterilized, oven-dried at 40C for 1 week, and weighed 10 
to determine the original mass. Four plates were prepared for each forest 11 
stand, and four uninoculated plates served as a control. Mass loss of leaves 12 
was determined as a percentage of the original mass, taking the mass loss of 13 
control litter into consideration. Duplicated samples of surface leaf litter 14 
after the incubation were combined to make one sample per forest stand and 15 
were also analyzed for AUR content with the method as above. Mass loss of 16 
AUR was determined as a percentage of the original AUR amount, taking 17 
the mass loss of AUR of control litter into consideration. 18 
 19 
Data analysis 20 
 14 
 1 
Welch’s t-test was used to test differences in the chemical properties of 2 
surface leaf litter between A. mangium plantations and secondary forest. 3 
One-way analysis of variation (ANOVA) was used to test differences in the 4 
bleached area and mass loss of leaf litter among forest stands. Tukey’s 5 
honestly significant difference (HSD) test was used for multiple comparisons 6 
of means. These analyses were performed with SPSS for windows software 7 
Version 10.0.5 (SPSS, Chicago, IL, USA). Pearson’s correlation coefficients 8 
were calculated for linear relationships among forest age, chemical contents 9 
of surface leaf litter, bleached leaf area, mass loss and AUR loss of surface 10 
leaf litter caused by T. versicolor for A. mangium plantations and for all 11 




Chemical compositions 16 
 17 
Initial AUR contents were significantly (t-test P<0.05) greater in surface leaf 18 
litter from the A. mangium plantations (420.5 to 519.7 mg g-1) than in the 19 
secondary forests (407.0 to 460.7 mg g-1) (Table 1). Initial N contents were 20 
 15 
significantly (t-test, P<0.01) greater in surface leaf litter from the A. 1 
mangium plantations (18.9 to 32.7 mg g-1) than in the secondary forests (13.1 2 
to 16.3 mg g-1) (Table 1). The age of A. mangium plantations was not 3 
significantly (P>0.05 n=8 r=0.255) correlated with the initial AUR or N 4 
contents of newly shed leaves. 5 
 6 
Bleached area 7 
 8 
Mean values of the bleached area of partly decomposed leaves ranged from 9 
4.7±1.4 to 10.9±1.2 % in six A. mangium plantations and from 10.7±0.8 to 10 
27.1±2.8 % in three secondary forests (Table 1). There was no significant 11 
difference in bleached area between A. mangium plantations and secondary 12 
forests (t-test P>0.05). The bleached area of partly decomposed leaves from 13 
the secondary forest in the Merbau region was significantly (ANOVA P<0.05) 14 
greater than those in the other stands, and that in the secondary 15 
regeneration stand of S. wallichii was significantly (ANOVA P<0.05) greater 16 
than that in the 8-years-old A. mangium plantation in the Sodong region 17 
(Table 1). The bleached area of partly decomposed leaves was not 18 
significantly (P>0.05) correlated with contents of initial AUR for all nine 19 
stands (r=−0.404) or for six A. mangium plantations (r=−0.277). The 20 
 16 
bleached area of partly decomposed leaves was significantly (P<0.05) and 1 
negatively correlated with N content for all nine stands (r=−0.814) (Fig. 1a), 2 
whereas the correlation was not significant (P>0.05) when examined for six 3 
A. mangium plantations (r=−0.059). Age of the A. mangium plantation was 4 
not significantly (n=6, r=0.366, P>0.05) correlated with the bleached area of 5 
partly decomposed leaves. 6 
 7 
Pure culture decomposition test 8 
 9 
The mean values of mass loss of leaves caused by Trametes versicolor ranged 10 
from 16.6±0.2 to 22.4±1.4 % for eight A. mangium plantations and from 11 
6.7±1.1 to 25.8±0.8 % for three secondary forests (Table 1). There was no 12 
significant difference (t-test P>0.05) of mass loss between A. mangium 13 
plantations and secondary forests. The lowest values of mass loss of leaves 14 
were recorded for the secondary forest in the Merbau region and for the 15 
0-year-old A. mangium plantation in the Gemawang region, whereas the 16 
highest values were recorded for the secondary regeneration of S. wallichii 17 
and the secondary forest in Sodong region (Table 1). Mass loss of leaves was 18 
not significantly (P>0.05) correlated with initial AUR content for all 11 19 
stands (r=−0.369), but was significantly (P<0.01) and negatively correlated 20 
 17 
with initial AUR content when the data of the secondary forest in the 1 
Merbau region was excluded from the analysis (r=−0.845 n=10) (Fig. 1b). 2 
Mass loss of leaves was marginally significantly (P=0.055) and negatively 3 
correlated with initial AUR content when examined for the eight A. 4 
mangium plantations (r=−0.696). Mass loss of leaves was not significantly 5 
(P>0.05) correlated with N content for all 11 stands (r=0.157) or for the eight 6 
A. mangium stands (r=−0.114). 7 
 The values of mass loss of AUR caused by T. versicolor followed a 8 
similar trend to those of leaves, ranging from 12.4 to 20.8 % for eight A. 9 
mangium plantations and from 11.7 to 26.9 % for three secondary forests 10 
(Table 1). Mass loss of AUR was not significantly different (t-test P>0.05) 11 
between A. mangium plantations and secondary forests. The lowest values of 12 
mass loss of AUR were recorded for the secondary forest in the Merbau 13 
region and for 8-year-old A. mangium plantation, whereas the highest values 14 
were from the secondary regeneration of S. wallichii and the secondary forest 15 
in Sodong (Table 1). Mass loss of AUR was significantly (P<0.05) correlated 16 
with initial content of AUR of Surface leaf litter (r=0.68). Mass loss of AUR of 17 
surface leaf litter was not significantly (P>0.05) correlated with N content for 18 





The initial AUR and N contents of surface leaf litter of A. mangium in the 3 
present study (Table 1) were similar to those reported for legume trees (e.g. 4 
Ngoran et al. 2006, Siddique et al. 2008) and were relatively high when 5 
compared to those of non-legume tree species in other tropical forests (e.g. 6 
Aerts 1997, Kurokawa and Nakashizuka 2008). 7 
 The bleached area of partly decomposed leaves in A. mangium 8 
plantations (Table 1) was generally lower than those in other tropical forests, 9 
whereas those in the three secondary forests were at similar levels to those 10 
in other tropical forests (7.9-29.7%, Osono 2006). The smaller area of 11 
bleached area in A. mangium plantations and the negative relationship 12 
between the bleached area and N content (Fig. 1a) suggested that high N 13 
content could inhibit the colonization by ligninolytic fungi. Previous studies 14 
showed that N could cause a biochemical suppression of AUR-degrading 15 
enzymes of fungi (Keyser et al. 1978, Fenn et al. 1981). This might have 16 
reduced competitiveness relative to other fungi and hence mycelial growth in 17 
A. mangium leaves. Similarly, Osono et al. (2002) reported that 18 
avian-derived N suppressed the colonization of ligninolytic fungi in 19 
coniferous litter in a temperate forest. Thus, the present study successfully 20 
 19 
demonstrated the inhibitory effect of high N content of A. mangium surface 1 
leaf litter on the appearance of bleached area that represent colonization of 2 
ligninolytic fungi. The bleached are of A. mangium leaf litter was not 3 
significantly correlated with the stand age between 3 and 17 years where the 4 
canopies were closed, consistent with the results of Osono et al. (2008) 5 
reporting that the bleached area on salal leaf litter was not significantly 6 
different among forest stand of different ages (50 to 324 years) after the 7 
canopy closure. 8 
 In contrast to the colonization of A. mangium leaves in the field, 9 
which was limited by N, the decomposition of the leaves by a ligninolytic 10 
fungus (T. versicolor) was limited by initial AUR content (Fig. 1b). 11 
Recalcitrant compounds in tree leaves categorized as AUR, such as lignin, 12 
have often been shown to limit the rate of decomposition in forest soils (e.g., 13 
Mellilo and Aber 1982, Osono and Takeda 2005). The factors causing the low 14 
rate of mass loss of leaves from the secondary forest in the Merbau region 15 
remained unclear, but might have been related to inhibitory compounds in 16 
tree leaves included in the leaf mixture. The lack of a significant relationship 17 
between the mass loss of leaves and AUR and N content suggested that the 18 
growth and AUR decomposition by T. versicolor was not suppressed by N. It 19 
was unclear from the results of the present study whether N-rich leaves of A. 20 
 20 
mangium had inhibitory effects on the decomposition by other ligninolytic 1 
fungi, or whether fungi taking part in the decomposition of A. mangium 2 
leaves in the field could be adapted to N-rich conditions of the leaves.  3 
 In conclusion the present study demonstrated that the colonization of 4 
A. mangium leaf litter by ligninolytic fungi was suppressed due to high N 5 
content, but the effect of high N in A. mangium leaf litter on the 6 
decomposition of leaf litter and AUR remained unsolved. Further studies 7 
will be necessary regarding the ligninolytic fungi associated with the 8 
bleaching of A. mangium leaves and the effect of N-rich conditions on the 9 




We thank Dr. S. Hobara for helpful comments, the members of the 14 
Laboratory of Tropical Forest Resources and Environment and the members 15 
of the Laboratory of Forest Ecology, Kyoto University for valuable 16 
discussions. We would like to acknowledge two anonymous reviewers for 17 
valuable comments and suggestions. This work was supported in part by 18 
Global COE Program A06 of Kyoto University, and the Ministry of Education, 19 




Aerts R (1997) Climate, leaf litter chemistry and leaf litter decomposition in 3 
terrestrial ecosystems: a triangular relationship. Oikos 79:439-449 4 
Akinnifesi FK, Tian G, Kang BT (2002) Tree performance, soil plant-litter 5 
characteristics and faunal activity in some tropical plantations. In: 6 
Reddy MV (eds) Management of Tropical Plantation Forests and 7 
Their Soil Litter System: Litter, Biota and Soil-Nutrient Dynamics. 8 
Science Publishers, Enfield, New Hampshire, pp 253-288 9 
Arai S, Ishizuka S, Ohta S, Ansori S, Tokuchi N, Tanaka N, Hardjono A 10 
(2008) Potential N2O emissions from leguminous tree plantation soil 11 
in the humid tropics. Global Biogeochem Cycles. 22:GB2028 12 
Berg B and Matzner E (1997) Effect of N deposition on decomposition of 13 
plant litter and soil organic matter in forest systems. Environ. Rev. 14 
5:1-25 15 
Binkley D and Giardina C (1997) Nitrogen fixation in tropical forest 16 
plantations. In: Nambiar EKS, Brown AG (eds) Management of Soil, 17 
Nutrients and Water in Tropical Plantation Forests. ACAIR with 18 
CSIRO and CIFOR, Canberra, pp297-337 19 
Fenn P, Choi S, Kirk TK (1981) Ligninolytic activity of Phanerochaete 20 
 22 
chrysosporium: Physiology of suppression by NH4+ and L-Glutamate. 1 
Archives of Microbiology 130:66-71 2 
Fog K (1988) The effect of added nitrogen on the rate of decomposition of 3 
organic matter. Biol. Rev. 63:433-462 4 
Hobbie SE (2008) Nitrogen effects on decomposition: A five-year experiment 5 
in eight temperate sites. Ecology 89:2633-2644 6 
Keyser P, Kirk TK, Zeikus JG (1978) Ligninolytic enzyme system of 7 
Phanerochaete chrysosporium; Synthesized in the absence of lignin 8 
in response to nitrogen starvation. J Bacteriol 135:790-797 9 
King HGC, Heath GW (1967) The chemical analysis of small samples of leaf 10 
material and the relationship between the disappearance and 11 
composition of leaves. Pedobiologia 7:192-197 12 
Koide K, Osono T (2003) Chemical composition and mycobiota of bleached 13 
portion of Camellia japonica leaf litter at two stands with the 14 
different nitrogen status. J Jpn For Soc 85:359-363 15 
Koide K, Osono T, Takeda H (2005) Fungal succession and decomposition of 16 
Camellia japonica leaf litter. Ecol Res 20:599-609 17 
Konda R, Ohta S, Ishizuka S, Arai S, Ansori S, Tanaka N, Hardjono A (2008) 18 
Spatial structures of N2O, CO2, and CH4 fluxes Acacia mangium 19 
plantation soils during a relatively dry season in Indonesia. Soil Biol 20 
 23 
Biochem 40:3021-3030 1 
Konda R, Ohta S, Ishizuka S, Heriyanto J, Wicaksono A (2010) Seasonal 2 
changes in the spatial structures of N2O, CO2, and CH4 fluxes from 3 
Acacia mangium plantation soils in Indonesia. Soil Biol Biochem 4 
42:1512-1522 5 
Knorr M, Frey SD, Curtis PS (2005) Nitrogen additions and litter 6 
decomposition: A meta-analysis. Ecology 86:3252-3257 7 
Kunhamu TK, Kumar BM, Viswanath S (2009) Does thinning affect litter 8 
fall, litter decomposition, and associated nutrient release in Acacia 9 
mangium stands of Kerala in peninsular India? Can J For Res 10 
39:792-801 11 
Kurokawa H, Nakashizuka T (2008) Leaf hervivory and decomposability in a 12 
Malaysian tropical rain forest. Ecology 89:2645-2656 13 
Mellilo JM and Aber JD (1982) Nitrogen and lignin control of hardwood leaf 14 
litter decomposition dynamics. Ecology 63:621-626 15 
Ngoran A, Zakra N, Ballo K, Kouamé C, Zapata F, Hofman G, van Cleemput 16 
O (2006) Litter decomposition of Acacia auriculiformis Cunn. Ex 17 
Benth. and Acacia mangium Willd. Under coconut trees on 18 
quaternary sandy soils in Ivory Coast. Biol Fertil Soils 43:102-106 19 
Osono T, (2006) Fungal Decomposition of Lignin in Leaf Litter: Comparison 20 
 24 
between Tropical and Temperate Forests. In: Meyer W, Pearce C 1 
(eds) Proceeding for the 8th International Mycological Congress. 2 
Cairns, Australia, pp 111-117 3 
Osono T (2007) Ecology of ligninolytic Fungi associated with leaf litter 4 
decomposition. Ecol Res 22:955-974 5 
Osono T (2010) Decomposition of grass leaves by ligninolytic 6 
litter-decompostiong fungi. Grassland Science 56:31-36 7 
Osono T, Fukasawa Y, Takeda H (2003) Roles of diverse fungi in larch 8 
needle-litter decomposition. Mycologia 95:820-826 9 
Osono T, Hobara S, Fujiwara S, Koba K, Kameda K (2002) Abundance, 10 
diversity, and species composition of fungal communities in a 11 
temperate foreest affected by excreta of the Great Cormorant 12 
Phalacrocorax carbo. Soil Biol Biochem 34:1537-1547 13 
Osono T, Iwamoto S, Trofymow JA (2008) Colonization and decomposition of 14 
salal (Gaultheria shallon) leaf litter by saprobic fungi in successional 15 
forests on coastal British Columbia. Can. J. Microbiol. 54:427-434 16 
Osono T, Takeda H (2001) Effects of organic chemical quality and mineral 17 
nitrogen addition on lignin and holocellulose decomposition of beech 18 
leaf litter by Xylaria sp. Eur J Soil Biol 37:17-23 19 
Osono T, Takeda H (2005) Decomposition of organic chemical components in 20 
 25 
relation to nitrogen dynamics in leaf litter of 14 tree species in a cool 1 
temperate forest. Eco Res 20:41-49 2 
Osono T, Takeda H (2006) Fungal decomposition of Abies needle and Betula 3 
leaf litter. Mycologia 98:172-179 4 
Preston CM, Trofymow JA, Sayer BG, Niu J (1997) 13C nuclear magnetic 5 
resonance spectroscopy with cross-ploarization and magic-angle 6 
spinning investigation of the proximate-analysis fractions used to 7 
ssess litter quality in decomposition studies. Can J Bot 75:1601-1613 8 
Reid ID (1991) Nutritional regulation of synthetic lignin (DHP) degradation 9 
by Phlebia (Merulius) tremellosa: effects of nitrogen. Can J Bot 10 
69:156-160 11 
Siddique I, Engel VL, Parrotta JA, Lamb D, Nardoto GB, Ometto JPHB, 12 
Martinelli LA, Schmidt S (2008) Dominance of legume trees alters 13 
nutrient relations in mixed species forest restoration plantings 14 
within seven years. Biogeochem 88:89-101 15 
Tilki F and Fisher RF (1998) Tropical leguminous species for acid soils: 16 
studies on plant form and growth in Costa Rica. For Ecol Manage 17 
108:175-192 18 
Xiong Y, Xia H, Li ZA, Cai XA, Fu S (2008) Impacts of litter and understory 19 
removal on soil properties in a subtropical Acacia mangium 20 
 26 
plantation in China. Plant soil 304:179-188 1 
Yamashita N, Ohta S, Hardjono A (2008) Soil changes induced by Acacia 2 
mangium plantation establishment: Comparison with secondary 3 
forest and Imperata cylindrical grassland soils in South Sumatora, 4 





Table 1. Stand age (in years), initial chemical content in surface leaf litter (mg g-1), bleached area of partly decomposed 
leaves on the forest floor (% total leaf area), mass and AUR loss (% original mass) of surface leaf litter and AUR caused in 
the pure culture by Trametes versicolor. Values indicate means ± standard errors (n=10 for bleach area, n=4 for mass 
loss). Values that do not share a common letter are significantly different at the 5% level by Tukey’s HSD test. nd not 
determined. 
      Chemical content 
of surface leaf 
litter 
  Pure culture decomposition 
test 




 AUR Nitrogen  Bleached area Mass loss AUR loss 
Plantations Acacia mangium Gemawang G0 0  519.7  27.9   nd  16.2±1.2 d 13.7  
  Sodong S0 0  420.5  32.7   nd  21.3±0.8 abcd 18.5  
  Gemawang G3 3  458.8  18.9   7.6±1.2 bc 22.4±1.4 abc 19.6  
  Sodong S3 3  490.8  19.9   10.9±1.2 bc 20.2±1.6 abcd 17.5  
  Gemawang G5 5  497.5  20.1   7.8±0.8 bc 21.0±0.8 abcd 20.8  
  Sodong S5 5  517.2  20.5   8.2±0.9 bc 19.8±0.8 bcd 16.1  
  Sodong S8 8  515.6  20.1   4.7±1.4 c 16.6±0.2 cd 12.4  





Sodong Sw nd  407.0 16.3  13.0±1.6 b 25.8±0.8 a 26.9  
 Mature forest Sodong FS nd  431.7  15.0   10.7±0.8 bc 22.5±2.0 ab 25.0  
  Merbau FM nd  460.7  13.1   27.1±2.8 a 6.7±1.1 e 11.7  
 
 28 
Figure legend 1 
 2 
Figure 1 Bleached area of partly decomposed leaves on the forest floor as a 3 
function of N content (a), and mass loss of surface leaf litter caused in the pure 4 
culture by Trametes versicolor as a function of initial AUR content (b) of surface 5 
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